This study uses a national multi-payer claims database to test for differences in potentially inappropriate emergency department (ED) visits and ambulatory care sensitive (ACS) admissions in fee-for-service (FFS) Medicare and Medicare Advantage (MA) plans. Rates of ACS admissions for MA enrollees were approximately one third those of FFS beneficiaries, controlling for covariates, which included the beneficiary's health status as represented by their risk score. This study then compared FFS and MA beneficiaries when they moved from one type of health plan to another. Again, controlling for covariates, potentially inappropriate ED visits and ACS admissions remained at their low baseline values for FFS beneficiaries who switched from FFS Medicare to MA plans, but rose for MA enrollees switching to FFS Medicare.
Reducing inappropriate or unnecessary encounters with the health care system is an important policy goal for 2 reasons. First, inappropriate encounters represent an inefficient use of resources. Second, inappropriate encounters place the patient at unnecessary risk of medical errors, recently cited as the third leading cause of death in the United States. 1 Two widely used measures of potentially inappropriate utilization developed by the Agency for Healthcare Research and Quality (AHRQ) that can be computed from claims data are the Billings et al 2 measure of inappropriate emergency department (ED) visits validated by Ballard et al 3 and AHRQ ambulatory care sensitive (ACS) admissions. 4 This study uses a national multiple-payer claims database (MPCD) to examine the relationship between these 2 measures of potentially inappropriate utilization for agedentitled (elderly) beneficiaries in traditional fee-for-service (FFS) Medicare and Medicare Advantage (MA) plans. The analysis is based on both cross-sectional and time series data. The data allow observation of individuals who move from one type of health plan to another. To the study team's knowledge, this is the first analysis of potentially inappropriate utilization among the same individuals observed in different health plans in a national data set.
Background
The literature comparing a wide variety of health care cost, utilization, and outcome measures for FFS Medicare and MA enrollees extends to the early 1980s. Miller and Luft [5] [6] [7] provide reviews of the early literature. More recently, Basu and Mobley 8 used 2001 data from the Healthcare Cost and Utilization Project (HCUP) to compare rates of admissions for ACS conditions and "marker" conditions for which hospitalization unquestionably was necessary. The data were drawn from New York, Pennsylvania, Florida, and California. Beneficiaries in health maintenance organizations (now referred to as MA plans) had lower odds of having an ACS admission in 3 states, ranging from 9% lower in Florida to 17% lower in California. The reductions were concentrated in the more severely ill beneficiaries.
In a later study that excluded Pennsylvania, Basu and These studies all point to lower rates of inappropriate hospital utilization in MA plans versus FFS Medicare. The study team is not aware of any studies that compare rates of potentially inappropriate ED visits in the 2 sectors.
The Medicare Payment Advisory Commission (MedPAC) has expressed the opinion that the Centers for Medicare & Medicaid Services (CMS) relies "on too many clinical process measures that do not appear to be related, at least in practice, to the outcome measures of most interest to policymakers and beneficiaries." 12 Instead, MedPAC recommends the use of populationbased outcome measures and has "worked with a contractor to calculate rates for two . . . quality measures . . . potentially preventable admissions and potentially preventable visits to the ED." These 2 measures are the focus of the present study. The new contributions of this study are (1) the use of a national database, (2) observation of the same beneficiary in both an MA plan and FFS Medicare, and (3) inclusion of potentially inappropriate ED visits as an outcome measure.
Methods

Data
This study relies on a national longitudinal MPCD developed by Optum. 13 The MPCD was created to evaluate the utility of a longitudinal claims database for health services research, incorporating data from both public and private health plans. Individuals moving from one health plan to another retain the same personal identifier, thus allowing comparison of the individual's experience in different health plans.
The The study team identified ED visits using the 3-digit revenue code (045). ED visits commonly are identified on claims using 4-digit revenue codes 0450, 0451, 0452, 0459, and 0981. Because the revenue codes on MPCD were only 3 digits, ED visits were identified by the revenue code 045 and other relevant selection criteria were added, such as place of service and type of encounter.
Because the study team wanted to examine ED and hospital care separately, the team applied the Billings algorithm to the diagnosis codes for each ED visit that did not result in a hospitalization to determine the probabilities of each of the 4 categories of appropriateness for each diagnosis. Each visit was assigned the diagnosis code that gave the visit the highest probability of being an appropriate ED visit in order to minimize the likelihood that an appropriate ED visit was categorized as inappropriate.
Using the single diagnosis derived in this manner, each visit was assigned a probability for each of the 4 levels of appropriateness. These probability scores sum to 1 for any single visit. For this study's measure of potentially inappropriate ED visits, the probabilities of categories (b), (c), and (d) were summed across all visits for each consumer. This measure is referred to as a summed probability score.
14 Hospitalizations for ambulatory care sensitive (ACS) conditions. AHRQ's ACS algorithm 4 was used to identify hospitalizations for a set of 13 conditions that have a high likelihood of resulting from poor ambulatory care. The 5-digit primary diagnoses codes were used to identify ACS admissions.
Explanatory Variables. In addition to the type of health plan in which the individual is enrolled, this study controls for the enrollee's age group, sex, race and ethnicity, state of residence, payer, and case-mix. Enrollee casemix for each enrollee-year was estimated using 70 of the Hierarchical Condition Categories (HCCs) from the CMS HCC model. The MPCD data did not contain the individual's exact age, community/institutional status, or major diagnoses categories. However, the study team used all diagnoses from the demographic and service files for each enrollee-year and cross-walked diagnoses to condition categories and condition categories to HCCs using the relevant macros from the CMS HCC model. 15 
Analysis
The first analysis is cross-sectional-comparing the experience of individuals in FFS Medicare and MA plans in 2007 and 2008.
Because of a large number of observations at zero, the study team estimated a 2-part model for both the ED summed probability score and ACS admissions. The first part of the model is the probability that the dependent variable is greater than zero, and the second part is the expected value of the dependent variable given that it is greater than zero. The 2-part model is a flexible functional form that allows the coefficients on the explanatory variables to be different in the 2 parts of the model. The team estimated logit models for the first part of the model. The second part was estimated with ordinary least squares. (A generalized linear model using the gamma family and log link function 16 yielded similar results.) In addition, the results from the 2-part ACS admissions models were compared to those from a zero-inflated negative binomial count data model, which also yielded similar results.
The cross-sectional results potentially are subject to sample selection bias. For example, beneficiaries choosing an MA plan could share a common unobserved characteristic that also influenced inappropriate ED visits or ACS admissions. To address that problem the study team also examined beneficiaries who switch from FFS Medicare to an MA plan, or the reverse. The analysis of switchers allows the team to control for baseline utilization rates in the year prior to the switch, as well as any other observed or unobserved time invariant characteristics of the individual as they move from one type of health plan to another. But the team recognizes that beneficiaries might switch from one health plan to another in anticipation of care that will be needed in the future, and the health condition precipitating the change might not register in claims data in the year prior to the switch. That possibility is addressed by computing and controlling for contemporaneous risk scores for all beneficiaries (switchers and stayers) in each year.
There is some evidence that MA plans' beneficiaries with the same health condition receive higher risk scores in MA plans than they would receive in FFS Medicare. 17, 18 The effect of upcoding was tested by reducing the number of HCCs reported by MA plans by 10%, a midrange value of the estimates of upcoding. The study team found that there were some differences in the first 2 parts of the 2-part models but the differences tended to cancel out when the overall ED scores and ACS admissions were computed, leaving the results of interest largely unchanged.
Results
Descriptive Statistics
The study population consisted of a total of 523 863 enrollee-years. The descriptive statistics for the study population are shown in Table 1 . Women and white beneficiaries are relatively more likely to be in FFS Medicare than in MA plans, while the opposite is true for Hispanics. Overall, beneficiaries in FFS Medicare have more HCC conditions than MA enrollees on average, but again, the opposite is true of Hispanics. All these variables, as well as the beneficiary's state of residence, are controlled for in all of the analyses.
The study team also tested for overlap in the propensity to choose FFS Medicare in the FFS and MA samples in 2007. The propensity scores overlapped for all but 23 FFS beneficiaries out of the 523 863 beneficiaries.
Cross-Sectional Analysis. (Table 2) . Nonetheless, when the probability of a positive score is multiplied by the predicted score for those with positive scores to obtain an overall estimate of the summed probability score, the resulting estimates are significantly lower in MA plans than in FFS Medicare in both 2007 and 2008.
Differences in the summed probability scores for ED visits do not appear to be related to systematic differences in overall ED utilization. The number of total ED visits per beneficiary in MA plans was significantly higher than As in the case of inappropriate ED visits, ACS admissions remained steady for FFS beneficiaries who switched to MA plans, but increased significantly for beneficiaries who remained in FFS Medicare. Among MA enrollees in 2007, beneficiaries who switched to FFS Medicare experienced a significantly higher increase in ACS admission than those who remained in MA plans (Table 4) .
Interestingly, if one takes the average 2007 ACS admission rates for MA enrollees who were going to switch to FFS Medicare in 2008 (0.025 in Table 3 ) and adds the average change in ACS admissions for that group (0.013 in for beneficiaries remaining in FFS Medicare for both years of 0.063 (0.048 in Table 3 plus 0.015 in Table 4 Although the magnitudes of the differences across health plans appear small, even small changes can add up to large savings. This study has a number of limitations. It was limited to observation of the plans participating in the MPCD database. Because individuals who died were eliminated from the MPCD data, the results also could suffer from survivor bias. In addition, health care utilization rates among competing health plans or plans that share the same physicians are unlikely to be independent. Moreover, there is evidence of practice style spillover effects from MA to FFS Medicare 21, 22 and those spillovers would compress the differences relative to those one would expect to find in non-overlapping markets.
Conclusion
After nearly 40 years of research, the relative performance of FFS Medicare and MA plans remains an important policy topic, especially as the market share of MA plans continues to increase. The results of this study add to a growing body of literature indicating that MA plans exhibit lower levels of potentially inappropriate utilization of health care resources relative to FFS Medicare. 
